the selection process is the most important factor for survival. Further studies are needed to determine optimal treatment options.
Introduction
Peritoneal metastases (PM) are considered to have a poor prognosis, and until 1980, palliative procedures were the only treatment option offered. After that time, additional regimens, such as intraperitoneal chemotherapy or hyperthermic intraperitoneal chemotherapy (HIPEC), were developed to increase the chemotherapy dosage at the tumor site and to improve the outcome for the patients. Nearly 20 years ago, cytoreductive surgery (CRS) was implemented into the treatment strategies for PM, and the combination of CRS and HIPEC turned out to offer long-term benefits, with a 5-year disease-free survival (DFS) rate of up to 55% in selected patients [1, 2] .
In the case of systemic metastases, two main pathways are of interest for therapeutic decision making: one in which the diaspora resembles an imperial colonization where the population spreads widely and conquers the new host land (i.e. an aggressive cancer that disseminates to few organs). In contrast, the colonization may represent a limited number of outposts with limited growth potential (i.e. a less aggressive cancer that disseminates to few organs). Whether the diaspora is systemic or oligometastastic may depend on the types of mutation present in the cancer cells while they settle in the homeland, the environment of the homeland, and the persistence of the original tumor site [3] .
The most common origins for secondary PM are ovarian, gastric, and colorectal cancer (CRC) and appendix neoplasms. In thePrognostic factors such as the completeness of cytoreduction (CCR score) and the extent of peritoneal seeding expressed by the peritoneal carcinomatosis index (PCI) are important to the treatment of this disease [5] . Cytoreduction is the strongest prognostic factor. The aim of CRS is to obtain complete macroscopic cytoreduction (CCR-0/1). The residual disease is classified intraoperatively using the CCR score. CCR-0 indicates no visible residual tumor and CCR-1 residual tumor nodules 2.5 mm. CCR-2 and CCR-3 indicate residual tumor nodules between 2.5 mm and 2.5 cm as well as >2.5 cm, respectively [6, 7] . The PCI has been developed to categorize the tumor burden of peritoneal surface malignancy (PSM), with the lowest value being 0 and the highest 39 [8] . PCI influences the prognosis of the patient. The higher the PCI, the worse is the outcome of the patients [8] . Upper gastrointestinal tumors such as esophageal, gastric, pancreatic or hepatobiliary cancer do very badly when the PCI is >10 [4, 9] . Unless it is an emergency and the patient is asymptomatic, these patients do not profit from multivisceral resection and CRS. In lower gastrointestinal tumors including appendix cancer, colon cancer, and rectal cancer, CRS can be beneficial if the PCI is low and the morphology of the PSM is mucinous. Especially in mucinous PSM, even patients with a high PCI are accepted for CRS [10] .
The prognosis for select patients with secondary PM treated with CRS and HIPEC ranges from a median survival of 9-11 months for those with gastric cancer to a survival of 40-50 months for those with colorectal or epithelial ovarian cancer [11] [12] [13] . In contrast, untreated patients have a survival of only a few months.
However, in cases of gastrointestinal cancer, isolated PM are rare and usually occur in combination with liver or lung metastases.
Among the current evolving concepts in the treatment of oligometastastic disease, including PM, the identification of prognostic factors is essential to ensure appropriate patient selection.
In the following, we provide an overview of oligometastastic gastrointestinal primary cancers.
Synchronous and Metachronous Metastases
Metastases are synchronous when they are detected along with the primary cancer. Synchronous metastases of gastrointestinal cancer are considered to indicate a worse prognosis than metachronous metastases. Survival rates are significantly different when metastasis is present at or within 1 month before diagnosis compared with metastasis which developed 12 months after the primary diagnosis (p < 0.0001) [14] .
Metastatic disease occurring 12 months after treatment of the primary cancer is considered as metachronous metastatic disease and presents a better prognosis. However, number of metastases, complete resection of the metastases, infiltration depth of the primary cancer, and lymph node involvement are prognostically relevant [15, 16] .
When metachronous metastases are completely resectable, it is under debate whether induction chemotherapy has an effect on survival. Some arguments promote the use of induction chemotherapy to observe the response to treatment and to exclude patients from complex surgical treatment options when the disease progresses under systemic chemotherapy.
Gastric Cancer
In a population of 5,220 patients with gastric cancer, 39% presented distant metastases and 706 patients (34%) were diagnosed with peritoneal disease; of these, 491 had only isolated PM [17] . The median survival without chemotherapy was 3.4 months, whereas it was 7.7 months with chemotherapy. However, the authors could not demonstrate any significant improvement over the last 20 years in patients with PM.
The recommendation in the current National Comprehensive Cancer Network guidelines for stage IV gastric cancer patients is palliative care including best supportive care or, in selected patients, palliative chemotherapy within clinical studies [18] . Surgical treatment is only required for the palliation of tumor-related symptoms such as bleeding, obstruction, or perforation [19] .
Peritoneal Metastases
The optimal treatment strategy for disseminated gastric cancer is still under debate. For limited PM with a PCI < 10, the aggressive, multimodal treatment of PM of gastric cancer with CRS and HIPEC can be justified when complete cytoreduction is achievable (table 1) . In a retrospective analysis, the clinical outcomes of 38 patients treated with gastrectomy, CRS, and HIPEC for advanced gastric cancer with PM were compared with patients with advanced gastric cancer with no evidence of PM as well as with patients who underwent palliative treatment (with and without gastrectomy). The median survival time after the first diagnosis of PM for gastric cancer was 17.2 months in the CRS and HIPEC group, compared with 11.0 months for those treated with gastrectomy and chemotherapy alone, resulting in a twofold increase in the 2-year survival rate (35.8 vs. 16.9%) [20] . These results were supported by other publications which reported that in selected patients with a PCI < 10, a complete CRS can result in a better outcome compared with chemotherapy alone [19, [21] [22] [23] .
The important randomized controlled trial reported by Yang et al. [24] showed a significant survival advantage in gastric cancer patients with peritoneal metastases who had resection plus HIPEC. The median survival was 11 months with CRS plus HIPEC versus 6.5 months with CRS alone (p = 0.046). The authors conclude that with synchronous gastric PM, CRS plus HIPEC with mitomycin C and cisplatin may improve survival with acceptable morbidity [24] . Glehen et al. [25] started with a randomized trial named GAS-TRICHIP. It is a prospective, open, randomized multicenter phase III clinical study with two arms that aims to evaluate the effects of HIPEC with oxaliplatin on patients with gastric cancer involving the serosa and/or with lymph node involvement and/or with positive cytology at peritoneal washing, treated with perioperative systemic chemotherapy and D1-D2 curative gastrectomy [25] . Another prospective, randomized multicenter phase III clinical study with two arms called GASTRIPEC trial is open. 180 patients with histologically proven gastric cancer (including cancer of the esophagogastric junction and synchronous peritoneal carcinomatosis) are included. There are two treatment groups (A and B) with 90 patients each. The chemotherapy applied intravenously is the same in both groups and is approved for the treatment of gastric cancer. Patients with negative or unknown HER-2 status will be administered epirubicin, oxaliplatin, and capecitabine (EOX). Patients with positive HER-2 status will be treated with cisplatin, capecitabine, and trastuzumab (CCT) [26] .
Oligometastases
The discussion of treatment strategies for stage IV gastric cancer is ongoing, especially in terms of whether surgical procedures should be integrated. New molecular and genomic research findings related to gastric cancer have identified four possible major genomic subtypes of gastric cancer -i.e. tumors infected with Epstein-Barr virus, tumors with microsatellite instability, genomically stable tumors, and chromosomally unstable tumors -which may help to select patients with oligometastastic disease who are good candidates for specific treatment strategies, including CRS [27] .
In stage IV gastric cancer, aggressive CRS combined with additional chemotherapy, such as HIPEC, should only be offered to patients with limited disease. Some clinicians limit CRS and HIPEC to patients who have responded to chemotherapy.
Colorectal Cancer
In newly diagnosed CRC, disseminated disease will occur in 25% of the patients. Most of these are patients with liver metastases; therefore, treatment schedules that include surgery were established.
The incidence and prognosis of synchronous PM was demonstrated in a population-based data set that included 18,738 cases of CRC. PM was diagnosed in 904 patients (5%). The prognosis of synchronous PM remains poor, with a median survival of 8 months; it is even worse when concomitant metastases in other organs are present. Synchronous PM of CRC are more frequent among younger patients and among those with advanced T stages, mucinous adenocarcinoma (MAC), right-sided tumors, and tumors that are poorly differentiated [28] .
Peritoneal Metastases
Approximately 5-10% of patients with CRC present with synchronous metastases of the peritoneum at the time of initial colon resection, and 20-50% may present with metachronous disease [29] . Little is known about the development of PM. The detachment of tumor cells into the peritoneum associated with the invasion of the peritoneal surface are often explanations; however, these processes require a molecular mechanism that is not yet clear. The histological subtypes adenocarcinoma (AC), MAC, and signet ring cell carcinomas (SC) are of major prognostic importance. The incidence of MAC and SC is approximately 10-15% and 1% of all CRC, respectively, but these subtypes are associated with young age, advanced tumor stage, a distinct molecular pattern, and worse prognosis compared with classical AC [30, 31] .
In a large, nationwide, population-based study, Razenberg et al. [32] showed an incidence of 22% of mucinous carcinoma in patients with peritoneal carcinomatosis from CRC and a superior median survival of 13 months compared with those with AC (8.9 months) and SC (7.1 months).
Da Silva and Sugarbaker [33] showed that a PCI > 20 and lymph node positivity, but not mucinous type, have an impact on patient survival. The only randomized controlled trial with an 8-year follow-up was published by Verwaal et al. [34, 35] and showed a median survival of 48 months as well as a 5-year survival of 45% for patients with complete cytoreduction; furthermore, the study identified CCR and extent of intra-abdominal tumor spread as prognostic factors.
In CRC, PCI is again a significant factor regarding patient survival (table 2) . However, large retrospective studies showed 5-year survival rates of up to 27%, with CCR [36, 37] and lymph node metastases at the time of CRS and HIPEC [38] being major prognostic factors. It was recently reported by van Oudheusden et al. [39] that in a small patient group, patients with peritoneal carcinomatosis of signet cell CRC who underwent CRS and HIPEC had a poor outcome, with a median survival of 14 months.
The French randomized trial PRODIGE 7 included 264 patients with PM with a PCI < 24 of colorectal origin. The patients underwent complete cytoreduction in both arms. Directly after CRS, one group received HIPEC with oxaliplatin while the other group did not. Postoperatively, both groups received chemotherapy for 6 months. The trial is closed and the results will be available soon.
Summary of Oligometastases from Colorectal Cancer
CRS and additional multimodal treatment in oligometastastic disease could be considered in cases where the disease is at least stable and complete resection of all tumor lesions seems possible. In terms of a surgical approach, CRC for oligometastastic diseaseonly patients should be discussed only for those with a PCI < 12, who have no SC [39] , and who are responsive to preoperative chemotherapy. Patients with small bowel involvement [40] and more than three liver metastases [41] should be excluded from surgical treatment.
It has been shown that the extent of the peritoneal tumor mass, which is determined by the PCI, is the best prognostic indicator, as reported by Sugarbaker [42] in 1998. It has been shown that the PCI correlates with the overall survival when complete cytoreduction and HIPEC are performed [5] . A recently published study by Goéré et al. [6] proposed that the PCI cut-off for survival benefit is a PCI of 17. However, long-term benefits are possible with CRC when the PCI is less than 12. PCIs > 17 are correlated with short survival, and surgery is not indicated in these patients [5] . Patients with PCIs between 12 and 17 should not undergo surgery if additional organ metastases are present, and complete resection is not possible without major resections in patients with no symptoms.
Conclusion
Oligometastastic disease focusing on PM should be considered for CRS and HIPEC only in select patients. The selection process should consider the molecular biology of the primary cancer site, the PCI, the infiltration depth of the primary and lymph node metastases, a differentiation between synchronous and metachronous metastases, the onset of the metastases, the response to chemotherapy, and the CCR. Systemic chemotherapy alone as an adequate management plan for all sites of metastatic disease is not compatible with a high standard of care. Formulating an optimal plan combining re-operative surgery with regional plus systemic chemotherapy is a necessary task of the multidisciplinary team.
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